In order to devise physically realistic numerical models of the planetary boundary layer, it is necessary to have a good physical understanding of the vertical distribution of all the model parameters. Foremost on the list of important parameters is the vertical eddy diffusivity K for momentum. Hanna (1969) has recently reviewed the efforts of many workers to specify the structure of the planetary boundary layer. There are well-known and accepted results which can be used to specify the height dependence of K in the constant flux layer (10-100 m) near the ground (see, e.g., Lumley and Panofsky, 1964) . However, in the Ekman layer, the prescription of K is not as clear, particularly for numerical models in which a maximum of degrees of freedom should be allowed and a large range of stability is expected. Two important papers which discuss the structure of the planetary boundary layer are those by Lettau (1962) and Blackadar and Tennekes (1968). For a barotropic boundary layer, Lettau shows that the boundary layer structure is a unique function of the surface Rossby number, Ro= V./(sof) where V. is the geostrophic wind speed, J the Coriolis parameter, and So the roughness parameter of the ground. Blackadar and Tennekes have also substantially advanced the theory of a barotropic boundary layer by deriving similarity solutions for the boundary layer which properly matches a "thick" Ekman layer to a thin constant flux layer, the thickness of the Ekman layer being U'; J, where U. is the friction velocity. Deardorff (1970) has integrated the nonlinear equations of motion numerically for a three-dimensional turbulent boundary layer for the neutral case. He utilizes nonlinear viscosity and is able to calculate an eddy viscosity distribution II posteriori from the integrations.
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In any reasonable numerical model, we can expect II priori that barotropic, as well as baroclinic, modes will develop. This note advances a conceptually simple, but apparently unnoticed, idea to prescribe the vertical dependence of K in the Ekman layer. The great advantage of the idea is its simplicity and broad applicability to barotropic, baroclinic, stable, neutral and unstable situations.
Consider that we know how to specify K in a shallow constant flux layer as a function of height. In the free atmosphere (gradient wind level and above) the value of K can be specifled from other reflections such as observations or large-scale numerical integrations. In addition, above the gradient wind level we expect the eddy viscosity to be almost independent of height. At least this should be true for a thickness comparable to the boundary layer thickness itself.
It is my purpose here to propose a distribution of K which takes into account the physical requirement that the K distribution and its first derivative be continuous with height. Motivation has been supplied by the requirmlent for an improved, but simple-to-apply, eddy diffusivity distribution in a current investigation of a one-dimensional ground-air interaction model by Sasamori (1970) .
In the constant flux layer, we can specify
where K is von KarDlan's constant, and .(s) is a stability function, which is negative for lapse conditions, zero for neutral (adiabatic) conditions and positive for stable conditions. Eq. (1) implies the log wind profile for neutral stability. It also implies an immediate adjustment of the constant flux layer to equih"brium flow. This is a common assumption in numerical models. In fact, Sasamori (1970) In the simple case here we need only two levels; hence, without derivation, we find
where KA'=O and 4s="A-SS. A simple check reveals that (2) d_es satisfy all the boundary conditions. K(s) is a cubic polynomial. Physically, Ks'>O, since K must increase monotonically with height in the constant flux layer. Therefore, K must have a maximum in (ss,s..t). Mter some algebra, we can find that Kmu~ (4j27) (KB+JAKs'), (4) involved support the use of this equilibrium profile for integrations of several hours or longer.
As is well recognized, we can assume at the gradient wind level SA that KA is small (see Fig. 1 ) as compared to the maximum K in the E1mIa.n layer. This is certainly true under lapse conditions. In numerical models of the boundary layer itself, it is necessary to choose KA to be small in order to insulate the surface layer from the atmosphere above. In practice, we can deduce by scaling that the variation of K with height at SA must also be essentially zero. In general circulation models with good boundary layer resolution, the gradient wind level SA is determined locally for each grid point by the iarge-scale flow. H the boundary layer dynamics are parameterized, SA is most likely of the order U.lj. Estoque (1963) has considered this problem and has recommended (and used in a numerical experiment) a linear decrease of K f~ the top, SB, of the constant flux layer, to the top, SA, of the Ekman layer. McPherson (1968) has used an exponential decrease with height (see Fig. 1 ). Their imposed discontinuity at the top of the constant flux layer is physically unrealistic. Lettau's profile (1962) for the barotropic case is not shown in Fig. 1 , since it varies with surface Rossby number. In unstable conditions it would lie to the left of the present model and to the right in stable conditions. Lettau's profile and the one recommended here will not coincide exactly in a neutral case but are very similar in shape.
We consider the classical problem of finding a polynomial passing through n+ 1 points and having some prescribed slope at each of these points, i.e., the Hermite Interpolating Polynomials (see, e.g., Ralston, 1965) . We know KA, KA', KB, KB', where primes denote differentiation with respect to s, and we wish to find K(s).
Formally, the problem is as follows: Given s" 'Y,-j(sJ and 'Y,' = j'(I,) for i=O (1) Ks»KA;
Eq. (3) tells us that the maximum K lies about i As above the top of the constant flux layer. H the RkTnSl-n layer is thick compared to the constant flux layer, this level of maximum K may be a few hundred meters from the ground as is e.'tpected from physical reasoning. The approach outlined above has been used successfully in a numerical experiment (Sasamori) as reported elsewhere in this journal.
In passing, I must report that a cubic polynomial for K has also been used at Texas A&M University by W. Clayton and T. Sanford (personal communication) for a numerical study of the air-sea boundary layer. This was learned after the above was derived. Apparently, the Clayton-Sanford relation is based on an analysis of the famous Leipzig wind profile and is being actively used in an analog computer model of the planetary boundary layer.
A deficiency exists in the above approach. As in all models of the atmospheric boundary layer known to the author, we assume a priori knowledge of the thickness of the constant flux layer and the planetary boundary layer. Clearly, the structure of the boundary layer and the roughness must deterInine this lower scale. The thickness SA of the Ekman layer itself is probably given by U.I/ (Blackadar and Tennekes, 1968) . It must also be noted that the suggested profile is a single function of height which couples the physics of the constant flux layer to the overlying free atmosphere. The idea worked well in a numerical integration which included a large range of stability. What is really needed is a better physical understanding of the planetary boundary 1a yer which can relate the turbulent K distribution to wind shear, temperature gradients, stability, turbulent intensities, etc.4 4 Not. add«l ill proof: A very recent paper by Lettau and Dabberdt (1970) shows that K(J) must be parabolic if the angle !~ed Py the. vectl?rB of shearing ~ and geostrophic .<Iepaf!ure IS Invanant With height. They allow this angle to vary With height and obtain K profiles very simi1ar to the one suggested here.
